As the title of my paper indicates, I am dealing only with non-penetrating injuries of the kidney. One is fortunate in being able to refer to such an extensive review of this subject as that of Keen [1], of Philadelphia. He collected details of 108 cases published between 1878 and 1896.
In all cases except six, there was definite evidence of a direct injury, and in five of the latter it was not known whether there was direct injury or not, while in the sixth, the injury was apparently indirect, the patient having fallen out of a van on to his back into the road.
The right and the left kidney were each found to be the injured organ in the same number of instances, namely, twenty-one.
In six cases (14 per cent.) the renal injury was complicated by serious damage to other structures, as follows:
(a) Fracture of several overlying ribs in three cases; (b) fracture of ribs and skull in one case; (c) fracture of ribs, rupture of liver and diaphragm, with right kidney in pleural cavity in one case; (d) rupture of liver and spleen in one case.
Of these all exe.ept two cases were beyond surgical aid on admission, and died shortly afterwards. One only of this group ultimately recovered.
Connell noted about 5 per cent. of complicated cases out of 861. With regard to the signs of kidney injury, they may be stated as follows (1) Shock;
(2) pain in the loin, with tenderness and rigidity; (3) swelling in the kidney region; (4) hiematuria.
Disregarding the four complicated cases which were moribund on admission, it was noticed that in nineteen cases (50 per cent.) there was no report that the patient was suffering from shock. The absenez of this sign in many instances has been remarked upon by other observers. Undoubtedly its presence or absence depends largely upon how soon after the accident the patient is seen. The immediate shock associated with a blow over the kidney is well recognized in boxing circles.
The sudden or gradual onset of pain was observed in almost all cases.
Apart from that suffered at the time of violence, there is to be noted a definite increase of this symptom some time afterwards. It appears to be due to the tension caused by the accumulation of blood or urine, either beneath the true capsule, in the pelvis of the kidney, or in the perinephric tissue, or more rarely by an invasion of the peritoneum. And according to the amount, situation, and rapidity of accumulation of blood or urine, so will the pain vary in its intensity and time of onset. In one case the pain did not occur till fourteen days after the injury, when it was accompanied by the first manifestation of haematuria. In another, not till a week after the patient was struck in the abdomen was there any pain, when, however, it came on with great severity following strenuous muscular exercise and was accompanied by a tumour in the loin. Operation revealed a distended pelvis with a ureter blocked by clot.
In another case the occurrence of severe pain three weeks after the injurv revealed a large urinary cyst in the loin.
In all the other cases the maximum pain was experienced soon after the injury. It was sufficiently frequent to be worthy of special notice that the pain in most instances was described as being very severe. Tenderness and rigidity of the overlying muscles were noted in all cases, the degree corresponding fairly closely with the amoun of pain. Swelling in the kidney region may be difficult to make out on account of abdominal rigidity, or it may be entirelty absent, as revealed by a thorough If the four severely complicated cases, admitted in a moribund condition, be disregarded, in seventeen cases only (44 per cent.) was a palpable swelling in the loin or dullness in the flank made out with certainty. Of the remainder, the renal injury was indicated by haematuria, except in two cases. The fact of severe injury to the kidney was not certain in either of these till many days after the receipt of violence. In one instance a large urinary cyst was discovered and evacuated thirty days after admission. In the other, a similar swelling was located and drained twenty-five days after receipt of injury.
The importance of haematuria in cases in which the violence has been confined to the kidney region lies in the fact that it is direct evidence of renal injury. Where, however, the violence has been sustained in the kidney region and in the lower part of the body as well, the possibility of bleeding from some part of the lower urinary tract should be borne in mind and investigated. There was an average of eleven days for the duration of the heematuria in twenty-eight cases in which this occurrence was noted. With regard to the time of onset of haematuria, the cases fall into three groups, according as the haematuria (1) occurred soon after injury; (2) was delayed for several days; (3) was completely absent. Eighty-four per cent. of the cases fall into the first group-hmematuria soon after injury. In one case there was marked delay in the appearance of blood in the urine. It was noticed for the first time fourteen days after the accident, and accompanied by the onset of pain in the region of the injured kidney.
In five cases (13 per cent.) there was no noticeable haematuria at all throughout the course of the illness. As the account of these cases will show, they form the most difficult group to deal with. In four of them, the kidney injury was confirmed by operation, and in the fifth one on the post-mortem table. In each of the four cases there were obvious signs of some serious lesion beneath the abdominal wall. In three, the abdomen was opened, without any intraperitoneal damage being found, and the kidney lesion was dealt with either at this time or later. In two of the five cases the patients died. In one of these, not only was there absence of hematuria, but the presence of an otherwise obvious swelling or of dullness in the loin was masked by a paralytic distension of the bowel. It was not till seven days later that a loin tumour was located, when a perinephric abscess was drained. The patient died four days after this. The difficulties in dealing with such a case are striking. In addition to the absence of hoematuria, the kidney injury in one case was hidden by serious damage to the overlying chest wall, death resulting in forty-eight hours after the accident, and only at the autopsy was it discovered that the lower part of the left kidney was torn away and the ureter blocked with the clot.
From these facts it is obvious that the complete absence of haematuria may accompany the more severe degrees of renal injury, at the same time leaving the site of the lesion a matter of doubt.
In all the cases treated conservatively there was some degree of pyrexia within forty-eight hours of the receipt of violence. In those with the lesser degrees of injury this had disappeared within another two or three days. In the majority the temperatures were settled by the end of the first week. In several it took nine or ten days, and in those on which operation, though delayed, was ultimately necessary, the unsettled state of the temperature was a prominent feature.
Among the clinical features of less importance may be mentioned retention of urine, which' occurred in three cases. Two cases were associated with copious htnmaturia. Maas quotes three cases of clot retention out of a total of seventy-one. The other case was apparently a reflex phenomenon, occurring in the case just mentioned, with paralytic distension of the bowel and absence of h'maturia. PATHOLOGY. Before dealing with the treatment, it will be helpful to consider some points with regard to pathology.
In the large majority of cases there is evidence that the injury to the organ is direct. It is certain that indirect violence is not often the cause of a serious lesion, although spontaneous rupture following severe muscular action has been reported in a number of diseased conditions of the kidney. An examination of a considerable number of specimens representing traumatism of the kidney shows the common type of injury in the form of one or more transverse fissures extending from the hilum towards the outer border. Thus, the split occurs along the grain formed by the medullary rays, and in conformity with the mode of development (figs. 1 and 2).
Working on the cadaver, Kiister demonstrated that rupture took place from hydraulic force through the fluid in the pelvis of the kidney and in the blood-vessels. He showed that quite a different type of rupture occurred when produced in a kidney the vessels and pelvis of which were empty, while force applied to the outer border produced a longitudinal fissure.
Figs. 1 and 2 represent the front and back views respectively of an injured kidney illustrating the common characteristics of fissures. The persistence of the foetal type is seen in this particular specimen, the lines of junction of the lobules being indicated by the transverse grooves. The fissures follow the lines of junction of the lobules rather than the courses of the larger bloodvessels, which run more obliquely in the kidney substance ( fig. 3 ). It is to be noted that the fissures are widest at, and apparently radiate from, the hilum. This indicates the likelihood of injury to the pelvis.
In a number of examples of experimental rupture which I produced in the post-mortem room, these features were repeated with unvarying regularity, and in every instance in which there was fluid present in the pelvis rupture of this structure was produced as well. The bearing of the character of the lesion in the kidney on the. clinical features of the case is of the greatest importance. First, with regard to whether there will be little or much bleeding. Secondly, as to whether the amount of bleeding will be indicated by its accumulation in the bladder or loin, or whether it will pass into the peritoneum. Thirdly, with regard to the extravasation of urine, which may eventually give rise to infection.
Rupture of the renal substance, while the true capsule remains intact, is unlikely to give rise to serious haemorrhage, and there will be no tumour in the loin. Pain, however, may be very severe. A rupture of the renal substance and true capsule will allow a considerable escape of blood or urine into the perinephric tissue, giving rise to a palpable tumour. The extravasation may be further increased if the perinephric capsule itself is torn, and in children under ten years all the blood may escape into the abdominal cavity, and the prognosis of the case at once becomes more grave.
Injury of the renal vessels without involvement of the organ itself, with escape of blood into the peritoneal cavity, is a serious and rare form that has been recorded.
The danger of primary haemorrhage would seem to be in proportion to the different degrees of extravasation previously mentioned. A complete division of the kidney does not necessarily mean that a very severe primary hamorrhage will follow. A number of cases are on record in which not till many days after the receipt of injury had it been discovered by operation that the organ had been completely divided. On the other hand, some of the more serious cases have been due to relatively small tears.
It is of sufficient importance to repeat that the escape into the bladder of only small quantities of blood, or the absence of blood in the bladder, is no indication as to the amount of bleeding taking place.
In many cases some extravasation of urine must result. Fortunately, normal acid urine is not infective, so the danger of sepsis is not immediate. But experience shows that any considerable degree of leakage of urine eventually gives rise to infection, although the results of conservative treatment show that serious extravasation and infection do not occur in the majority. From a consideration of the hydraulic theory of rupture, it seems clear that extravasation must take place whenever the rupture is due partly or wholly to the presence in the pelvis of urine which is forced into the calyces and through the parenchyma. Moreover, in addition to the outflow of urine through the kidney substance, it is probable that in many cases the pelvis or one of the main calyces ruptures as well. For Guterbock reports a torn pelvis in 40 per cent. of thirty-two examples of injured kidneys found at autopsy.
The same writer also states that in 326 autopsies on cases of death from accidents, injury to the kidney was found in 10 per cent.
TREATMENT.
In the forty-two cases that I am presenting, thirty-six (85 per cent.) were treated without operation. Four, however, were dying when admitted, and operation was not attempted. Another patient died from primary heemorrhage forty-eight hours after admission. The actual site of htmorrhage was obscured by damage to the overlying chest wall. Six cases were operated upon, with two deaths, bringing the total mortality to 16 per cent. Four were dealt with as emergency operations soon after the receipt of injury. One of these patients was too ill to stand nephrectomy, which was abandoned after the abdomen had been opened, and the patient died soon after operation. In another, nephrectomy was performed successfully by the lumbar route. The kidney was found in two pieces.
The remaining two emergencies were both submitted to laparotomy, as intra-peritoneal injury was suspected. In one of these no peritoneal injury was found. A left perinephric abscess subsequently developed, and it was drained seven days after injury. Death followed two days later. The finding at the laparotomy of the second case was similarly negative, but in thirtythree days' time a urinary cyst in the right loin was drained, with recovery as a result.
Of the two remaining cases not dealt with by immediate operation one was that of a patient admitted fourteen days after injury with a large swelling in one loin. Exploration revealed a distended kidney, the ureter of which was blocked by clot. The kidney was drained, with complete recovery. In the other, three weeks after receipt of injury, a swelling developed in one kidney region, accompanied by signs of infection. An incision was made and a large retroperitoneal accumulation of urine was drained away. Nephrectomy was done fourteen days later, when a hydronephrotic kidney with a stricture at the uretero-pelvic junction was found. Recovery resulted.
Perirenal extravasation of urine should be suspected when the patient's general condition remains poor, especially when there is the accompaniment of an oscillating temperature. The loin should be opened and drained.
Of the thirty-one cases (73 per cent.) treated successfully without operation, although in all there was hamaturia and tenderness with rigidity over one kidney region, after shock had passed there was no reason to suppose that any serious haomorrhage was going on. In two cases was there a definite palpable swelling round the injured kidneys. In neither case did it give any trouble, and in each case it had diminished considerably in size before the patients' discharge from hospital fourteen and seventeen days respectively after receipt of their injuries.
Judgi-ng from the literature on the subject, it appears that considerable diversity of opinion has existed as to which line of treatment should be followed. Keen [1] , in reviewing the 108 cases that he collected, criticized the treatment of the cases unoperated upon that died. There were thirteen early deaths from shock and primary haemorrhage, and ten late deaths from septic causes and haemorrhage. He suggested that probably all of these cases should have been operated upon, with a likelihood of a considerable lowering of mortality. This, of course, would depend largely upon the degree of exsanguination reached before operation is undertaken, as, for example, in the four cases of this series in which the patients were already past the stage when surgical aid could benefit them at the time they first came under observation. Keen took it for granted that when operations had to be carried out, nephrectomy was the proper course. Davis [2] was in favour of packing in most cases submitted to operation. He did not consider suture safe. Gregory Connell collected sixteen cases treated by suture of the damaged kidney, with no death. In every case the sutures caused satisfactory hwmostasis. In one case, however, secondary nephrectomy was necessary, and a fistula occurred in another. He quotes also 107 cases with a mortality of 835 per cent. treated by conservative operation in which the damaged kidney was sutured, packed or drained. He concludes that nephrectomy should be reserved for very extensive injury, but that conservative -treatment, preferably by suture, is indicated in the majority of early cases.
Ponomareff [4], following conservative treatment as much as possible in fifty-seven cases, had a mortality of less than 6 per cent. In the three fatal cases there were injuries of other organs. Operation was performed in eight cases.
Frank and Michelson, who also treated conservatively, record about the same figures for mortality and necessity for operation. It is clear that opinion has steadily inclined towards conservative treatment, whether it be operative or expectant.
In considering the line of treatment in an early case, the immediate concern is as to whether there is any serious hemorrhage or involvement of the peritoneum. In the absence of indications of either we may institute expectant treatment. Between the two extremes, where operation is clearly indicated on the one hand and expectant treatment on the other, there will always be a certain proportion of cases which will leave the surgeon in a state of indecision as to which course he should follow. When the doubt is serious, it is perhaps wiser to operate, for although experience shows that so many cases do well on non-operative treatment, it is quite impossible to foretell that no severe complication will arise. If expectant treatment is undertaken in a doubtful case, the closest watch must be kept, and on the first suggestion of increase in size of any perinephric swelling which may be present, or of other signs indicating infection or continued hemorrhage, there should be no delay in opening the loin. The results of delaying operation until perinephric infection is advanced, are bad, especially where nephrectomy is performed. In this type of case drainage of the loin should precede nephrectomy, unless the surgeon's hand is forced by having to deal with a secondary hamorrhage which is not controlled by more conservative measures. In some cases in which preliminary drainage is instituted, the condition clears up without nephrectomy.
The actual way the kidney is dealt with will depend upon its condition when exposed. A pulped, or divided kidney, or detached fragments of renal tissue, should be removed. When, however, the patient's condition is so poor chat he is not likely to stand nephrectomy, haemostasis may be obtained by ligaturing the vascular pedicle, and draining the loin. Blood transfusion should proceed the moment the source of bleeding has been controlled. It should be carried out in all cases except where the loss of blood has been slight. If the presence of the opposite renal organ has not previously been established, the strongest efforts should be made to avoid the performance of nephrectomy. Bearing in mind the good results from suture, and the likelihood of secondary haemorrhage from packing, the former procedure should be followed where possible, after dealing with any bleeding points.
In considering the question of nephrectomy the possibility of the injured kidney being the sole functioning renal organ has always to be kept in mind.
When the case is too urgent to allow of investigation by cystoscopy, provided there is no perinephric sepsis, the point may be settled by extending the lumbar incision to open the peritoneum, so that the hand may be admitted to the abdominal cavity. In non-urgent cases a cystoscopic examination can, as a rule, be carried out. The subsequent exploration may then be kept entirely extraperitoneal.
A practical point in connexion with the loin incision is to make an extensive one, in order to obviate any further damage to the kidney from manipulations in bringing it to the surface, otherwise a nephrectomy which might have been avoided may become a necessity.
Although the lumbar approach is to be preferred, the possibility of intraperitoneal complications makes abdominal section necessary in some cases. A difficulty in deciding as to whether the abdomen should be opened arises from the knowledge that notwithstanding the presence of widespread rigidity and tenderness on more than one occasion laparotomy has failed to reveal any serious intra-abdominal lesion. If, however, these signs progress and become very marked, there should be no delay in performing abdominal section.
In dealing with retroperitoneal extravasation, and infection in later cases, incision and drainage should precede nephrectomy, as the results of the onestage operation in the presence of extensive perinephric sepsis are not as good as when preliminary drainage of the loin is carried out before the removal of the kidney.
While considering the treatment of the perinephric infection, the most earnest attention should be given to the question as to whether the peritoneal cavity is not infected as well. Three of Keen's [1] patients died of peritonitis following perinephric infection at intervals of fourteen days, twenty-two days and eleven weeks respectively, from the times of the accidents. In the experimental production of retroperitoneal urinary extravasation which I have carried out ini a number of rabbits, it was found in each case during the first week or ten days, that although the retroperitoneal extravasation was readily detected on palpation as a localized swelling, there was no sign of any peritoneal infection. Subsequently, however, evidence of a low form of peritonitis became manifest, and after killing the animals at different intervals an abundance of free turbid fluid was found in each peritoneal cavity.
SUMMARY.
(1) In the great majority of cases of renal injury, there is haematuria soon. after the receipt of violence. This was noted in 84 per cent.
(2) Complete absence of haematuria may accompany the most severe degrees of rupture of kidney. Haematuria was not present in 13 per cent. Death occurred in 40 per cent. of these cases. The appearance of blood in the urine may be delayed for some days.
(3) The amount of blood present must not be taken as an indication of the full extent of the bleeding.
(4) Cases complicated by injury of other organs, show a high mortality, 83 per cent. in this series.
(5) The majority of cases of renal injury can be successfully treated -without operation. A good result was obtained in this way in 73 per cent.
(6) In a few cases in which expectant treatment is commenced, operation may eventually be necessary on account of secondary haemorrhage or sepsis. Operation should not be delayed till infection is advanced.
(7) The indications for immediate operation are: (a) rapid tumour formation in the loin: (b) signs of intraperitoneal involvement.
(8) Blood transfusion should be carried out in the case of severe hmemorrhage, as soon as the bleeding is controlled. When operation is performed and the case is desperate, a ligature may be passed round the vascular pedicle, and the loin drained.
(9) When the diagnosis of renal injury is certain, the incision should be made in the loin. The abdomen may be explored by this route when intraperitoneal complications are suspected as well.
(10) An anterior laparotomy is reserved for cases in which renal injury is a matter of doubt, owing to the absence of haematuria.
(11) Operation should be undertaken with a view to preserving the kidney if possible. This object will be furthered by making an extensive parietal incision.
(12) Nephrectomy is necessary when the kidney is badly mutilated, or the vascular pedicle is torn, and, generally, for secondary haemorrhage.
(13) Before nephrectomy is carried out, the fact of the presence of the opposite kidney should be ascertained whenever possible.
(14) Preliminary drainage of the loin for septic complications should precede nephrectomy, which, however, may be found later not to be necessary.
(15) With signs of delayed onset of perinephric sepsis, the possibility of peritoneal infection as well, should be kept in mind.
